Objective: To investigate male reproductive parameters via changes of potential testicular protein markers in restraint-stress rats. Methods: Male Sprague-Dawley rats were divided into two groups (non-immobilized control and restraint-immobilized/stress groups, n=8 each group). The stress animals were immobilized (12 h/d) by a restraint cage for 7 consecutive days. All reproductive parameters, morphology and histology were observed and compared between groups. In addition, the expression of steroidogenic acute regulatory (StAR) and phosphotyrosine proteins (previously localized in Sertoli and late spermatid cells) in testicular lysate was assayed by immuno-Western blotting. Results: Testosterone level, sperm concentration and sperm head normality of stress rats were significantly decreased while the corticosterone level was increased as compared with the control (P<0.05). Histologically, stress rats showed low sperm mass in epididymal lumen and some atrophy of seminiferous tubules. Although the expression of testicular StAR protein was not significantly different between groups, changed patterns of the 131, 95, and 75 kDa testicular phosphorylated proteins were observed in the stress group compared with the control group. The intensity of a testicular 95-kDa phosphorylated protein was significantly decreased in stress rats. Conclusions: This study has demonstrated the alteration of testicular phosphorylated protein patterns, associated with adverse male reproductive parameters in stress rats. It could be an explanation of some infertility in stress males.
Introduction
Stress has come to the fore as a major factor adversely affecting the quality of human life. It affects various physiological processes including reproductive functions. Numerous studies in human and experimental animals have shown that stress causes adverse effects in the male reproductive system:
(1) erectile dysfunction (Nathan, 1986; Ernst et al., 1993; Kennedy et al., 1999) , (2) decrease of sperm quality (Almeida et al., 1998; Clarke et al., 1999; Hari Priya and Sreenivasula Reddy, 2012; Hari Priya et al., 2014; Rao et al., 2015; Zhang et al., 2015) , (3) decrease of testosterone levels (Orr and Mann, 1990; Retana-Márquez et al., 2003; Weissman et al., 2009; Lin et al., 2014; Prabsattroo et al., 2015) , and (4) damage to testicular tissue (Rai et al., 2003; Aziz et al., 2013; Prabsattroo et al., 2015) . Indeed, the corticosterone levels are markedly elevated under a restraint immobilization condition (Bhatia et al., 2011; Prabsattroo et al., 2015) . Corroborated with the decrease of testosterone levels, Lin et al. (2014) demonstrated that stress could decrease the expression of steroidogenic acute regulatory (StAR) protein and the cytochrome P450 side chain cleavage enzyme (CYP11A1) in rat Leydig cells after acute immobilization stress induction.
Protein tyrosine phosphorylation is a posttranscriptional process that is important for the regulation and coordination of various cell proliferation, division, growth, and differentiation function in both normal and cancer cells (Hunter and Cooper, 1985; Hunter, 1987; Hanks et al., 1988; Ullrich and Schlessinger, 1990) . In testicular tissue, the phosphorylated proteins have been localized in the Sertoli cells and late (elongated) spermatids (except in the Leydig cells), and these proteins are assumed to have the roles in spermatogenesis (Arad-Dann et al., 1993) . In addition, sperm capacitation and acrosome reaction in the fertilization steps require protein tyrosine phosphorylation (Kopf and Gerton, 1991; Yanagimachi, 1994; Visconti and Kopf, 1998) . Although it has been shown that some drugs or substances can change the expression of testicular phosphorylated proteins (Ballester et al., 2004; Iamsaard et al., 2013; , these changes in stress events have never been reported. This study, therefore, attempted to demonstrate the alterations of testicular phosphorylation in stress rats.
Materials and methods

Animals and stress procedure
Male Sprague-Dawley rats (200-250 g) were purchased from the National Laboratory Animal Center, Salaya, Nakhon Pathom, Thailand. The rats were administered commercially available pellet and water ad libitum in plastic cages under controlled environmental conditions (temperature (22±2) °C; 12 h light/dark cycles). This study was approved by the Animal Ethics Committee of Khon Kaen University, based on the Ethics of Animal Experimentation of National Research Council of Thailand (Ref. No. AEKKU-NLAC 11/2558) . After a week of acclimatization, animals were randomly divided into two groups (n=8). Group 1 (control group) was not immobilized by a restraint cage and Group 2 (restraintstress group) was immobilized by a restraint cage (12 h/d to induce acute stress; as described by Ahmad et al. (2012) , Retana-Márquez et al. (2003) , and Prabsattroo et al. (2015) ), followed by weighing the body for 7 consecutive days.
Plasma corticosterone and testosterone assays
After animals were euthanized, the blood was collected by cardiac puncture of the left ventricle and centrifuged at 13 000 r/min at 4 °C for 7 min by Microfuge 22R (Biocompare Inc., USA) to separate the plasma serum from the blood cells. Subsequently, all blood sera were sent to the Radiology Unit, Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, Thailand, for measurement of serum corticosterone and testosterone levels.
Morphological and histological studies
At the end of the experiment, all rats were euthanized by cervical dislocation and sacrificed to collect male reproductive organs (testis, penis, epididymis plus vas deferens, and seminal vesicle). Subsequently, these organs were weighed after the fats were removed. The reproductive organ weights were calculated and expressed as the relative reproductive organ weights (g/100 g). Then, all organs were observed for their gross structures and their images captured by digital camera (Nikon Coolpix S2600, Japan). To examine their histology, the testis, caudal epididymis, and penis were fixed in 10% phosphate buffered formalin (pH 7.4) for 24 h and routinely processed for light microscope technique. All the sections of testis, caudal epididymis, and penis were stained with hematoxylin and eosin (H&E), whereas the penis sections were also stained with Masson's trichrome (Sigma-Aldrich Inc., USA) to investigate collagen fibers. Finally, histological photographs were taken by a Nikon light ECLIPSE E200 microscope (Nikon Inc., Japan) equipped with a DXM1200 digital camera (Nikon Inc., Japan) and an ImageJ program (Version 1.49p) was used to quantify the collagen fiber.
Sperm concentration and head morphology assessment
The left caudal epididymis and vas deferens were operated on gently and squeezed for sperm fluid. Epididymal sperm fluid was dipped and suspended in 1 ml of phosphate buffer saline (PBS; 37 °C, pH 7.4). Subsequently, the diluted sperm were centrifuged at 5000 r/min at 25 °C for 2 min to wash and separate mature sperm pellets from the fluid. The sperm pellets were re-suspended with 1 ml PBS (37 °C, pH 7.4). Then the sperm suspension was diluted with PBS (1:20 (v/v) dilution) before a count was made of the mature sperm using a Neubauer counting chamber under a light microscope (Nikon ECLIPSE E200, Japan) in triplicate examinations (Iamsaard et al., 2013) . To examine sperm head abnormalities, described by Wyrobek and Bruce (1975) and Sakr et al. (2014) , the diluted sperm (10 µl) were smeared onto a cleaned glass slide. The smears were air-dried and incubated in a hot air oven at 50 °C overnight. The dried sperm were fixed in methyl alcohol and stained by H&E. Abnormal sperm heads were classified and explained by Sakr et al. (2014) . All sperm heads were captured by a Nikon light ECLIPSE E200 microscope equipped with a DXM1200 digital camera. To quantify sperm head abnormalities, a total of 600 sperms were counted in each animal. Then the abnormalities were calculated and represented as a percentage of sperm head abnormality.
Western blot analysis of StAR and phosphotyrosine protein expression
Testicular tissue was homogenized with radioimmunoprecipitation assay (RIPA) buffer (Cell Signaling Technology Inc., USA) containing a cocktail of protease inhibitors (Sigma Inc., USA) to extract and maintain the proteins. Then the testicular homogenate was centrifuged at 12 000 r/min at 4 °C for 10 min to separate testicular lysate from pellet. The total protein concentrations of the testicular lysate were measured using a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies Inc., USA) at an absorbance of 280 nm. To determine testicular StAR protein expression, the total testicular proteins (80 µg) of both groups were loaded and separated on 10% polyacrylamide gel by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). Separated proteins were transferred onto nitrocellulose membrane. Subsequently the membrane was incubated with 5% skim milk in 0.1% PBST (0.1% Tween-20, 0.01 mol/L PBS, pH 7.4) for 1 h to block non-specific binding proteins and then incubated with StAR antibody (1:1000 (v/v) dilution; Santa Cruz Biotechnology Inc., USA) or β-actin antibody (1:2000 (v/v) dilution; Santa Cruz Biotechnology Inc., USA) at 4 °C overnight. The membrane was washed in 0.05% PBST (0.05% Tween-20, 0.01 mol/L PBS, pH 7.4) for 5 min (three times) and incubated with goat anti-rabbit IgG or goat anti-mouse conjugated horseradish peroxidase (HRP) secondary antibody for 1 h at room temperature. For the analysis of testicular phosphotyrosine protein expression as described by Iamsaard et al. (2003; , the transferred-protein membrane was incubated with anti-phosphotyrosine primary antibody (1:2000 (v/v); Millipore Co., USA) at 4 °C overnight followed by washing and then incubated with anti-mouse conjugated with HRP secondary antibody for 2 h at room temperature. Then, all membranes were washed in 0.05% PBST before detection of StAR or β-actin using enhanced chemiluminescence (ECL) substrate under gel doct 4 (ImageQuant 400, GH Healthcare, USA). For protein expression, the ImageJ program (Version 1.49p) was used to analyze the relative intensity of target proteins.
Statistical analysis
All quantitative data were represented as mean± standard deviation (SD). The independent sample t-test was performed to examine the significant difference between two groups using SPSS statistics 19.0 software. A P-value of <0.05 was considered as a significant difference.
Results
Effect of stress on rat body weights and male reproductive organs
Daily changes of the body weight in the control and restraint-stress groups are shown in Fig. 1a . This result demonstrated that the body weights of stress group were significantly decreased (P<0.05) in consecutive 7 d as compared with the control group. Effect of stress on morphology of male reproductive organs was also investigated. The results showed that the testis of restraint-stress group was smaller than that of the control group (Fig. 1b) . The testicular size (width× length) was (1.31±0.02) cm×(2.26±0.02) cm for the control and (1.25±0.01) cm×(2.08±0.01) cm for the stress group, respectively. However, morphologies of the penis, epididymis plus vas deferens, and seminal vesicles in both groups were not significantly different (Fig. 1b) .
Effect of stress on sperm head morphology
The sperm head morphologies of the control and restraint-stress groups are shown in Fig. 2 . Normal sperm heads were mostly observed in the control group (Fig. 2a) . In contrast, abnormal sperm heads (without the hook (Fig. 2b) , pinhead (Fig. 2c) , and crooked neck (Fig. 2d)) were increased in the restraint-stress group.
3.3 Effect of stress on the weights of reproductive organs, sperm concentration, sperm head abnormality, and corticosterone hormone
The absolute and relative weights of the testis, epididymis plus vas deferens, and seminal vesicle in the restraint-stress and control groups were shown in Table 1 . Significantly, the absolute and relative weights of testes were reduced (P<0.05) in the restraint-stress group. However, the rest parameters were not significantly different between both groups. In contrast, the restraint stress significantly decreased (P<0.05) sperm concentration and testosterone level while it significantly increased (P<0.05) the percentage of sperm head abnormality and corticosterone level compared with the control group (Table 1) .
Effect of stress on histology of testis, caudal epididymis, and penis
The histology of male reproductive organs is shown in Fig. 3 . The result showed that the stress moderately damaged seminiferous tubules by increasing tubular atrophy and interstitial space compared with the control group (Figs. 3a and 3b ). In line (Table 1) , the density of caudal sperm in the restraint-stress group was markedly lower than that in the control group (Figs. 3c and  3d) . However, the histology of penis and penile collagen fibers stained by H&E and Masson's trichrome was not different between the control and restraint groups (Figs. 3e-3h ).
Effect of stress on testicular StAR protein
StAR protein expression was shown by immunoWestern blotting (Fig. 4a) . The results showed that restraint stress did not affect testicular StAR protein expression compared with the control (Fig. 4a) . As confirmed by the relative intensity of StAR protein and the ratio of StAR/β-actin (Figs. 4b and 4c) , the results showed that StAR protein levels were not significantly different in both groups.
Effect of stress on testicular tyrosine protein phosphorylation
The effect of stress on testicular phosphotyrosine expression is shown in Fig. 5a . The result showed that six testicular phosphorylated protein bands (48, 65, 75, 95, 131, and 200 kDa) were clearly detected in both control and restraint-stress groups (Fig. 5a) . Intriguingly, we found the decreased expression of a phosphorylated 95-kDa protein in the restraint-stress group with normal protein profiles by SDS-PAGE compared with control (Fig. 5b) . This result was confirmed by its relative intensity (Fig. 5c ).
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Discussion
Stress is a major factor in male infertility. It has been reported as inducing erectile dysfunction, premature ejaculation, orgasmic difficulty, and low sperm quality (Nathan, 1986; Ernst et al., 1993; Clarke et al., 1999; Kennedy et al., 1999; Rao et al., 2015; Zhang et al., 2015) . In the recent study, all parameters of adverse male reproductive system including decreased body weight in rats exposed to restraint stress (Fig. 1a and Table 1 ) were similar to those parameters previously documented (Orr and Mann, 1990; Carrasco and van de Kar, 2003; Zardooz et al., 2006; Weissman et al., 2009; Hari Priya and Sreenivasula Reddy, 2012; Lin et al., 2014; Prabsattroo et al., 2015) . In explanation of weight loss (Table 1) , it is known that testosterone activates the protein synthetic apparatus muscles and other organs while corticosterone increases protein catabolism and decreases protein synthesis. In addition, many previous studies showed that increased corticosterone mediated restraint-induced weight loss via increasing glycolysis and lipolysis (Arner, 1992; Lafontan et al., 1997; Chotiwat and Harris, 2008; Scherer et al., 2011) . Consistent with previous studies (Hari Priya and Sreenivasula Reddy, 2012; Bitgul et al., 2013) , this study also demonstrated atrophy of seminiferous tubules in stress testes (Fig. 3b) . In addition, the low density of epididymal sperm mass was also shown in stress rats (Fig. 3d) , and it was associated with a significant decrease of sperm concentration (Table 1) . Interestingly, we found that sperm head abnormality of stress rats was significantly greater than that of control (Table 1 and Fig. 2 ). Although restraint stress can suppress the activities of monoamine oxidase type B and phosphodiesterase type 5 in the rat penis (Prabsattroo et al., 2015) , it affects neither penile morphology nor the amount of collagen fibers (Figs. 1b and 3e-3h ). This result indicated that stress interrupted penile function but not its morphology.
This study attempted to explain the decrease of testosterone levels in stress rats by observing StAR protein expression using Western bolt (Fig. 4) . Unexpectedly, the expression of StAR levels in both groups was not significantly different (Figs. 4a-4c) . It is possible that StAR expression is very sensitive to acute immobilization for a day (Lin et al., 2014) . In the subacute stress for consecutive 7 d (present study), this expression might be already corrected to be at normal levels (Fig. 4) . To additionally clarify the decreased testosterone levels, the disturbances of other steroidogenic machineries such as cytochrome P-450 cholesterol side-chain cleavage enzymes, * P<0.05, compared with the control group scavenger receptor class B, and hydroxysteroid dehydrogenases need to be further investigated. In various studies, the increase of malondialdehyde levels and the decrease of enzymatic activities of catalase, glutathione, and superoxide dismutase have been demonstrated in stress testicular tissue (Zayachkivska et al., 2006; Brzozowski et al., 2008; Bhatia et al., 2011; Warzecha et al., 2011; Kwiecien et al., 2012; Hari Priya and Sreenivasula Reddy, 2012; Xu et al., 2014) . The alteration of oxidative stress markers might affect normal spermatogenesis, resulting in decreased sperm concentration (Table 1 and Fig. 3d ). When probed with an anti-phosphotyrosine monoclonal antibody, the phosphorylation of testicular proteins has been localized in only Sertoli and elongated spermatid cells (Arad-Dann et al., 1993) . It indicates that testicular tyrosine-phosphorylated proteins play some roles in spermatogenesis since this post-translational process is involved in proliferation and differentiation (Hunter and Cooper, 1985; Hunter, 1987; Hanks et al., 1988; Ullrich and Schlessinger, 1990) . Moreover, it is well documented that sperm phosphorylated proteins are essential for capacitation and acrosome reaction (Kopf and Gerton, 1991; Yanagimachi, 1994; Visconti and Kopf, 1998) . The patterns of testicular phosphorylated proteins have also been previously shown in hyperglycemic rats (Ballester et al., 2004) and they are changed when treated with some drugs or substances, resulting in alterations of sperm concentration (Iamsaard et al., 2013; . In the same vein, we have demonstrated for the first time that restraint stress could change the pattern of testicular phosphorylated protein of stress rats compared with the control healthy rats (Fig. 5) . The relative intensity of a phosphorylated 95-kDa protein band in stress testicular lysate was significantly decreased (Figs. 5a-5c ), which was associated with the decrease of sperm concentration and sperm head morphology (Table 1 and Fig. 2 ). Taken together, we speculate that this phosphorylated protein pattern might play an important role in spermatogenesis, especially in the differentiation process of spermatogenesis.
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